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SObjectives: Aspiration is an increasingly recognized complication after thoracotomy for pulmonary resection,
but mechanisms of postoperative aspiration are poorly characterized. This study sought to evaluate risk factors
to better define postthoracotomy aspiration.
Methods: Three hundred twenty-one consecutive patients underwent clinical bedside swallowing evaluations af-
ter thoracotomy for pulmonary resection on postoperative day 1. Results of videofluoroscopic swallowing studies
were independently reviewed by 2 speech pathologists and were assigned aspiration–penetration scores of either
1 (normal) or greater than 1 (abnormal) based on the worst swallow. Operative, demographic, and outcomes data
were abstracted for each patient, and multivariate regression analysis was performed.
Results: Seventy-three (22.7%) patients failed bedside evaluation and proceeded to undergo videofluoroscopic
swallowing studies. Forty-four (60.3%) patients had an abnormal videofluoroscopic swallowing study result with
a mean aspiration–penetration score of 3.9 0.3. Multivariate analysis showed that older age (68.8 vs 56.2 years,
P ¼ .002), prior premature spillage (P ¼ .0006), and vallecular residuals after the swallow (P< .0002) were all
associated with aspiration. Interestingly, certain variables were not independently associated with aspiration,
including presence of gastroesophageal reflux disease, operative approach or degree of resection, mediastinal
lymphadenectomy, preoperative thoracic radiation, same hospitalization reoperation, and pathology.
Conclusions: Postoperative risk of aspiration after thoracotomy for pulmonary resection is characterized by re-
peatable episodes of oropharyngeal discoordination on videofluoroscopic swallowing studies. We recommend
routine videofluoroscopic swallowing studies for all patients older than 67 years before the initiation of oral intake
to diminish the incidence of postoperative aspiration. (J Thorac Cardiovasc Surg 2010;140:573-7)Complications after thoracotomy for pulmonary resection
have been investigated since the inception of thoracic sur-
gery. Aspiration has recently been characterized as a compli-
cation after thoracic surgery, with a reported incidence
nearing 20%.1 The exact mechanism and risk factors asso-
ciated with aspiration, however, remain poorly defined.
In one of the few studies to address the topic of aspiration
after thoracic surgery, Herrera and colleagues2 demonstrated
that head and neck malignancies contribute to postoperative
aspiration after pulmonary resection. The purpose of the
current study was to expand on prior research to detail risk
factors associated with aspiration after thoracotomy for pul-
monary resection and to better define the pathophysiology of
radiographic aspiration and penetration in these patients. In
undertaking this study, we hypothesized that advanced age,e Division of Cardiothoracic Surgery,a Emory University, Atlanta, Ga; the
ion of Cardiothoracic Surgery,b University of South Florida, Tampa, Fla;
he H. Lee Moffitt Cancer and Research Institute,c Tampa, Fla.
ures: None.
d for publication April 15, 2009; revisions received Jan 30, 2010; accepted for
cation Feb 27, 2010; available ahead of print May 31, 2010.
for reprints: Eric Sommers, MD,Moffitt Cancer Center and Research Institute
2 Magnolia Drive Tampa, FL 33612 (E-mail: eric.sommers@moffitt.org).
23/$36.00
ht  2010 by The American Association for Thoracic Surgery
016/j.jtcvs.2010.02.049
The Journal of Thoracic and Caprior head and neck radiation, and mediastinal lymphade-
nectomy would predispose patients to postoperative aspira-
tion. In addition, we hypothesized that global dysfunction
affecting multiple aspects of swallowing mechanics would
lead to aspiration after thoracotomy.MATERIALS AND METHODS
Experimental Design
After approval by the Institutional Review Board at the University of
South Florida and the H. Lee Moffitt Cancer Center, a protocol was initiated
by which consecutive patients undergoing thoracotomy for pulmonary
resection from January 1, 2005, through December 31, 2007, underwent
a clinical bedside swallowing investigation by a licensed speech pathologist
on postoperative day 1. This protocol was part of a larger quality control
measure within the hospital and was considered local standard of care,
and therefore no informed consent was obtained. Standard surgical proce-
dure at the H. Lee Moffitt Cancer Center included the use of double-
lumen endotracheal tubes, a variety of surgical approaches depending on
the anatomic location of the lesion, and thoracic epidural catheters for post-
operative pain management. All patients were first evaluated at the bedside
by a certified speech pathologist. Bedside evaluations were conducted with
the patient in an upright position, and they were instructed to swallow a va-
riety of substances ranging from thin liquids to thickened liquids to a pureed
diet to solid food. Clinical signs of dysphagia or aspiration were noted and
included throat clearing, coughing after a swallow, a change in oxygen
saturations or respiratory rate after per os presentations, or a change of
wet vocal quality after the swallow. Failure of the bedside swallowingrdiovascular Surgery c Volume 140, Number 3 573
Abbreviations and Acronyms
ASP–PEN ¼ aspiration–penetration scale
CVA ¼ cerebrovascular accident
FEESST ¼ fiberoptic endoscopic evaluation of
swallowing with sensory testing
VFSS ¼ videofluoroscopic swallowing study
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recommendations of the speech pathologist, patients failing VFSSs were
maintained on a modified diet or nothing per os as the situation mandated
until improvement of swallowing could be documented. Patients with minor
swallowing derangements were treated with dietary modification and posi-
tional swallowingmaneuvers, whereas patients with more severe changes in
swallowing patterns were not allowed oral intake and were re-evaluated
both clinically and radiographically in 2 to 4 days. Patient demographics,
surgical data, and outcomes were all prospectively recorded and stored in
a secure database.
Evaluation for Aspiration
All patients failing bedside evaluation underwent further testing with
a VFSS. Each VFSS was independently reviewed and scored based on
the worst swallow by 2 separate speech pathologists using the aspiration–
penetration scale (ASP–PEN) developed by Rosenbek and associates
(Table 1).3 Patients were then subsequently grouped according to their
ASP–PEN scores: patients with a score of 1 were deemed to have normal
swallowing function, whereas patients with a score of greater than 1 were
labeled as having abnormal function and at risk for aspiration events. Based
on the recommendations of the speech pathologists, each VFSS was scored
on 16 anatomic and physiologic abnormalities often seen in dysphagia to try
to establish a pattern consistent with postoperative penetration and aspira-
tion in this subset of patients (Table 2).
Data Analysis
All data pertaining to risk factor analysis was submitted to univariate
analysis, including all variables listed in Table 2. Univariate analysis was
conducted with the Mantel–Haenszel test or Fisher’s exact test for categor-
ical variables and the 2-sided Student’s t test for continuous variables. Back-
ward logistic regression multivariate analysis with a significance level of .1
was summarily used to adjust for possible confounders. Data are presented
as medians with means  standard deviations, where appropriate.RESULTS
Three hundred twenty-one consecutive patients under-
went a bedside clinical swallowing evaluation, and 73
(22.7%) failed and required VFSSs for further evaluation
of swallowing dysfunction. Forty-four (60.3%) patients
had an abnormal VFSS result with a median ASP–PEN
score of 3.0 (3.9  1.9; ASP–PEN score of 2 in 9 patients,
ASP–PEN score of 3 in 20 patients, ASP–PEN score of
5 in 9 patients, and ASP–PEN score of 8 in 6 patients).
The overall incidence of laryngeal penetration or aspiration
(ASP–PEN score>1) was 13.7% (44/321 patients). One pa-
tient experienced a witnessed aspiration event after negative
bedside evaluation (0.3%).
The perioperative mortality rate was 2.7%, with a single
death in each group (ie, ASP–PEN score>1 and ASP–PEN574 The Journal of Thoracic and Cardiovascular Surgscore of 1). Likewise, 1 patient in each group required rein-
tubation during hospitalization. For patients with ASP–PEN
scores of greater than 1, a percutaneous gastrostomy was re-
quired in a single patient, and 3 patients required placement
of a tracheostomy for severe respiratory failure. There were
no tracheostomies or gastrostomies placed in patients with
an ASP–PEN score of 1. Length of stay was 6 days (6.6 
3.7 days) for patients with an ASP–PEN score of 1 and
7 days (9.3 8.6 days) for patients with an ASP–PEN score
of greater than 1 (P ¼ .08).
Clinical Risk Factors Associated With Postoperative
Penetration and Aspiration
Univariate analysis identified male sex, prior head and
neck cancer, and advanced age as significant risk factors
associated with postoperative aspiration and penetration
(Table 3). When subjected to multivariate analysis, ad-
vanced age and certain physiologic swallowing derange-
ments were significantly associated with both events
(Table 4).
Dysfunctional Swallowing Mechanics
Univariate analysis identified the following dysfunctional
mechanisms in patients experiencing aspiration: penetration
of laryngeal vestibule before/during the swallow, residuals
in the pyriform sinuses, residuals in the valleculae, de-
creased laryngeal elevation, reduced tongue base retraction,
and premature spillage. When subjected to multivariate anal-
ysis, residuals in the valleculae and premature spillage of
swallowed contents into the pharynx were demonstrated to
be significantly associated with aspiration. These are the
radiographic hallmarks of penetration and aspiration in this
cohort of patients.
DISCUSSION
Aspiration has long been recognized as a potential com-
plication in certain patient populations, including patients
who undergo cerebrovascular events, those who undergo
operations on the cervical spine, and those who undergo
extensive head and neck surgery.4-6 Nearly 80% of
patients with acute cerebrovascular accidents (CVAs) have
dysphagia.7 In this patient population advanced age in con-
junction with aspiration was an independent risk factor for
the development of pneumonia.8 Age has also been shown
to be an independent predictor of aspiration pneumonia dur-
ing the first 6 months after acute CVA.9 The exact mecha-
nism of dysphagia and aspiration after CVA is unclear, but
a recent study indicated that decreased laryngeal sensation
and decreased pharyngeal transit time of the food bolus
might predispose this group of patients to an increased
incidence of aspiration.10
Aspiration has been overlooked, however, as a source of
potential morbidity and mortality in the thoracic surgical lit-
erature in spite of the fact that patients undergoing thoracicery c September 2010
TABLE 2. Physiologic abnormalities on videofluoroscopic swallowing
studies
Decreased oral containment
Decreased bolus formation
Decreased bolus transit
Delay in pharyngeal onset of swallow
Reduced tongue base retraction
Decreased epiglottic inversion
Decreased laryngeal elevation
Decreased hyoid excursion
Decreased posterior pharyngeal wall contraction
Decreased upper esophageal sphincter relaxation
Residuals in the valleculae
Residuals in the pyriform sinuses
Esophageal stasis
Penetration of laryngeal vestibule before/during the swallow
Aspiration
Reflexive cough
TABLE 1. Aspiration–Penetration scale
Category Score Descriptions
No penetration or aspiration 1 Contrast does not enter the airway
Penetration 2 Contrast enters the airway,
remains above vocal folds;
no residue
3 Contrast remains above vocal
folds; visible residue remains
4 Contrast contacts vocal folds;
no residue
5 Contrast contacts vocal folds;
visible residue remains
Aspiration 6 Contrast passes glottis; no
subglottic residue visible
7 Contrast passes glottis; visible
subglottic residue despite
patient’s response
8 Contrast passes glottis; visible
subglottic residue; absent
patient response
Used with permission from Rosenbek and associates.3
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scripts detailing outcomes have failed to mention aspiration
as a complication. When aspiration has been detailed, the in-
cidence has been dismissively small.11 Recent work by our
group details a much higher incidence, thus proving aspira-
tion as a source of potential postoperative morbidity.1
Our purpose in undertaking this study was to not only try
and delineate risk factors contributing to postoperative aspi-
ration but also to further understand the pathophysiology of
aspiration in this patient population. Patients in this study
represent a consecutive series and were not selected in any
fashion. The demographic data of the cohort are consistent
with those of published surgical series.
Bedside evaluation first identified those patients in need
of further radiographic interrogation. Given our low false-
negative rate and documentation in the medical literature
that bedside evaluation is an effective tool, we believe this
approach is effective in screening for those patients who
warrant further testing.12 Aspiration and penetration of con-
tents into the larynx was assessed by using a VFSS. This is
a radiographic test requiring transport of the patient to the ra-
diology department for fluoroscopic assessment of sub-
stances enriched with barium and swallowed. With the aid
of real-time fluoroscopy, all aspects of the swallow and its
physiology can be assessed. Other tools, however, are avail-
able for swallowing assessment, including fiberoptic endo-
scopic evaluation of swallowing and fiberoptic endoscopic
evaluation of swallowing with sensory testing (FEESST).
Both of these tests are bedside evaluations that use endo-
scopic methods to assess aspiration physiology and volume
of retained foodstuffs. FEESST, however, uses air through
a port in the endoscope to simulate a patient’s response to la-
ryngeal residuals. In a randomized trial comparing FEESSTThe Journal of Thoracic and Cawith VFSSs, there was no difference in aspiration pneumo-
nia between 2 groups of patients evaluated with either one or
the other method.13 We chose to use VFSSs for this study
based on the expertise of the speech pathologists in working
with this diagnostic tool.
We chose to measure aspiration using the ASP–PEN scale
developed by Rosenbek and associates.3 This is a validated
tool used in a variety of patient populations to determine the
degree of aspiration and penetration using a scoring system
ranging from 1 (no penetration or aspiration) to 8 (silent as-
piration). This scoring tool has previously shown both intra-
examiner and interexaminer reliability.14We chose to divide
patient groups based on either a score of 1 or greater than 1.
Although other breakpoints have been used (eg, mild/mod-
erate/severe based on ASP–PEN), we thought this inappro-
priate for our patient population. Because these patients are
at increased risk for pulmonary complications caused by
recent pulmonary resection and decreased postoperative air-
way clearance and pulmonary toilet, we believe that any
patient who has any penetration of contrast into the airway
(ASP–PEN score of 2) is at risk for potential aspiration.
Risk factors associated with a significant risk of penetra-
tion or aspiration in our study included increased age,
premature spillage of food into the pharynx, and vallecular
residuals after the swallow. Although age has long been
described as a risk factor for aspiration in other patient pop-
ulations and for other thoracic complications, it follows that
increased age was also a significant risk factor for aspiration
after thoracotomy.14 As patients age, pharyngeal discoordi-
nation increases as well, thus leading to premature spillage
of food contents into the trachea before epiglottic eleva-
tion.14 This discoordination, which includes premature
spillage of food into the pharynx and vallecular residuals
after the swallow, leads to increasing aspiration events as
patients age.rdiovascular Surgery c Volume 140, Number 3 575
TABLE 3. Univariate analysis results
ASP–PEN score ¼ 1 (29 patients) ASP–PEN score>1 (44 patients) P value
Male sex 9 (31.0%) 25 (56.8%) .032
Age (y) 56.2  2.5 68.8  1.2 <.001
Prior neurologic disorder 1 (3.4%) 3 (6.8%) .54
Prior coronary artery bypass grafting 1 (3.4%) 2 (4.5%) .82
Peripheral vascular disease 3 (10.3%) 3 (6.8%) .59
History of hypertension 8 (27.6%) 24 (54.5%) .02
Gastroesophageal reflux disease 7 (24.1%) 4 (9.1%) .08
Current proton pump inhibitor use 6 (20.7%) 10 (22.7%) .84
Current smoking 8 (27.6%) 10 (22.7%) .64
Neoadjuvant chemotherapy 9 (31.0%) 10 (22.7%) .38
Diabetes 2 (6.9%) 9 (20.5%) .17
Prior thoracic radiation 2 (6.9%) 2 (4.5%) .67
Operative approach PLT, 14 (50.0%) PLT, 21 (48.8%) .50
AT, 11 (39.3%) AT, 19 (44.2%)
PT, 2 (7.1%) PT, 3 (7.0%)
Sternotomy, 1 (3.6%) Sternotomy, 0
Nerve compromise at time of operation 1 (3.4%) 3 (6.8%) .52
Mediastinal lymphadenectomy 20 (69.0%) 31 (70.5%) .89
Current or prior head and neck cancer 0 7 (15.9%) .02
Stage I NSCLC 6 (20.7%) 19 (43.2%) .06
Postoperative complications 4 (13.8%) 7 (15.9%) .81
Same hospitalization reoperation 3 (10.3%) 2 (4.5%) .34
Decreased oral containment 0 0 NS
Decreased bolus formation 0 0 NS
Decreased bolus transit 0 0 NS
Delay in pharyngeal onset of swallow 4 (13.8%) 1 (2.3%) .06
Reduced tongue base retraction 0 6 (13.6%) .04
Decreased epiglottic inversion 1 (3.5%) 6 (13.6%) .15
Decreased laryngeal elevation 3 (10.4%) 21 (47.7%) .001
Decreased hyoid excursion 0 4 (9.1%) .10
Decreased posterior pharyngeal wall contraction 1 (3.5%) 2 (4.5%) .82
Decreased upper esophageal sphincter relaxation 0 0 NS
Residuals in the valleculae 2 (6.9%) 25 (56.8%) <.001
Residuals in the pyriform sinuses 2 (6.9%) 16 (36.4%) .005
Esophageal stasis 16 (55.2%) 23 (52.3%) .81
Penetration of laryngeal vestibule before/during the swallow 0 44 (100%) <.001
ASP–PEN, Aspiration–penetration scale; PLT, posterolateral thoracotomy; AT, axillary thoracotomy; PT, posterior thoracotomy; NSCLC, non–small cell lung cancer; NS, not sig-
nificant.
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tical significance were those that did not. We found no
procedure-related significance within our results. Notably,
aspirationwas independent of operative approach, pathology,TABLE 4. Multivariate logistic regression analysis
Odds ratio
95% Confidence
interval
P
value
Age 1.2 1.1–1.4 .002
Penetration of laryngeal
vestibule before/during
the swallow
55.6 5.6–553.4 .0006
Residuals in valleculae 186.8 12.5–undefined .0002
576 The Journal of Thoracic and Cardiovascular Surgstage, and same-hospitalization reoperation. Also, the addi-
tion ofmediastinal lymphadenectomy to pulmonary resection
yielded no increased incidence of aspiration. Albeit there was
a small total sample size (4 total; 1 patient with an ASP–PEN
score of 1 and 3 patientswithASP–PEN scores>1), recurrent
laryngeal nerve compromise at the time of surgical interven-
tion also was statistically independent in univariate and mul-
tivariate analysis. What is absent in this dataset, however, are
the sizes of the double-lumen tubes routinely used for endo-
tracheal intubation and single-lung ventilation. Given the
data present, there are no procedural factors that affect the
risk of postoperative aspiration.
There were also notable exceptions to preoperative vari-
ables reaching statistical significance for aspiration.ery c September 2010
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piration in certain populations, including patients with lung
disease, but gastroesophageal reflux disease did not reach
statistical significance in our study. Neither prior thoracic ra-
diation, neoadjuvant chemotherapy, nor diabetes proved to
be statistically significant. Male sex and hypertension were
significant in univariate analysis but dropped out of multi-
variate analysis. We included both sex and hypertension in
our data collection because both are known risk factors for
CVA, and by capturing these variables, we theorized that
we might capture patients who could have multiple small
infarcts without a clinically significant stroke.
Although this study does much to further the collective
understanding of a newly recognized complication, it does
have limitations. Ultimately, the patient population analyzed
was small, and certain procedures, including pneumonec-
tomy, were few in this dataset. We believe that certain vari-
ables might gain significance given greater statistical power.
Additionally, this is a single-institution study with a single
surgeon and 2 speech pathologists, and this study is subject
to bias based on those facts. Certain information that might
have affects on postoperative aspiration was not present in
this dataset, including endotracheal tube size, difficulty of
intubation, and medication regimen administered through
the thoracic epidural. This study was designed to solely fo-
cus on the anatomic and physiologic derangements of the
oropharynx. Therefore any aspiration event originating dis-
tal to the upper thoracic esophagus would be missed with the
current method of examination. It was not the design of this
study to detail an effect on patient outcome, and therefore
this information is limited. Patients undergoing thoraco-
scopy for pulmonary resection were not included in this
study, which reveals another potential pitfall of this study
and limits its external validity.
Based on this research, our current protocol calls for every
patient undergoing thoracotomy for pulmonary resection to
receive a bedside clinical evaluation on postoperative day 1.
Those patients who are older than 67 years, have current or
prior head and neck cancer, and fail bedside examination are
then referred for VFSS. In spite of the fact that multivariate
analysis failed to demonstrate head and neck malignancies
as a significant variable predicting penetration and aspira-
tion, the work of Herrera and colleagues2 and our own obser-
vations compel us to further research in this area. Our current
protocol, however, mandates that all patients with head and
neck cancer are referred for a preoperative VFSS to establish
a baseline examination of swallowing. Based on the results
of the postoperative study, patients then undergo dietary
modification or advancement based on the recommendationThe Journal of Thoracic and Caof the speech pathologist. For patients with severe aspiration
without amelioration on repeat VFSSs, they undergo either
placement of a small-bore nasoenteric feeding tube or percu-
taneous gastrostomy based on discussion between the
speech pathologist, surgeon, and patient.
This study serves to further our understanding of the
process of postoperative aspiration after thoracotomy for
pulmonary resection. Based on the high incidence of post-
operative aspiration events in this patient population, we
continue to advocate for routine postoperative screening,
as outlined above. The results of the current study have
served to further define the pathophysiology of aspiration
after thoracotomy for pulmonary resection. Additionally,
patients older than 67 years are at particular risk, and rou-
tine postoperative swallowing studies are of benefit in this
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